We examined the usefulness of urine osmolality, as a predictive factor in the treatment of monosymptomatic nocturnal enuresis (NE) with combination therapy of imipramine and desmopressin. Methods: From May 2014 to April 2015, 59 monosymptomatic NE patients participated in this study. Early morning urine osmolality was measured at 1 week and 1 day before combination therapy of imipramine and desmopressin, and at 1 week and 2 weeks after therapy. The response to combination therapy was evaluated at 3 months after treatment. The mean period of combination therapy was 6.4± 4.2 weeks. Therapeutic response was classified as complete (0-1 wet night/week), partial (over 50% reduction of night) and non-responders (less than 50% reduction of night).
INTRODUCTION
Nocturnal enuresis (NE) refers to cases involving children aged 5 years or older who are not able to control the urinary bladder during night sleeping more than twice a month due to involuntary urine leakage [1] . Primary NE refers to cases involving children who persistently cannot control the bladder after birth. Secondary NE refers to cases in which the bladder control remains unproblematic until a specific time point but symptoms of NE recur after approximately 6 months to one year. NE can also be classified according to polysymptomatic NE where there is a concurrent presence of daytime oliguria, urgency, urinary incontinence or daytime enuresis and monosymptomatic NE where there is a single presence of NE [2] . The prevalence of NE is estimated at approximately 15% in children aged 5 years or so. After the age of 5 years, the annual rate of spontaneous recovery is estimated at 15%. Accordingly it is recovered spontaneously in most children aged 10 years or older [3] . In recent years, however, NE has been reported to have a detrimental effect on children's mental health and to cause a lack of confidence [4] . In addition, with the improved quality of life and the decreased number of children, efforts in treatment of NE have also increased.
To date in Korea, a substantial number of studies have reported that drug treatments with a single or concomitant use of imipramine and desmopressin are effective in patients with NE [5, 6] . Their treatment effects are assumed to be good from an overall perspective. However, opinions regarding the treatment effects of these drugs are controversial. Age, a family history, and urine osmolality may also affect the treatment response to drugs [7] . Of patients who received concomitant medication with imipramine and desmopressin, 20%-40% are refractory to the treatment. Accordingly, indicators predicting the treatment effects would greatly contribute to the treatment of NE. Given the above described background, we analyzed the treatment response to concomitant medication with imipramine and desmopressin in children with monosymptomatic NE for which other organic causes could be ruled out through a screening test. We also examined the question of whether urine osmolality has a prognostic value for treatment response in an outpatient setting.
MATERIALS AND METHODS

Patients
Of children who visited the outpatient clinic of the department of pediatrics and urology at our medical institution with a chief complaint of NE during a period ranging from May 2014 to April 2015, 59 patients with monosymptomatic NE for which organic causes could be ruled out through a screening test and who did not undergo drug treatments for NE during a recent 2-month period were included in the current study. As a screening test for NE, meticulous history taking, physical examination, urinalysis, and urine culture were performed for all cases. Through meticulous history taking, the pattern of NE, the presence of oliguria or urgency, the age at which bladder control was achieved, a family history, and a past history of urinary tract infection were examined. The dorsal region and neurological deficits were evaluated for abnormality during physical examination to determine whether there was a concurrent presence of anatomical abnormalities and neurological deficits. Radiography or uroflowmetry was performed in cases in which a urinary system abnormality or neurological deficits were suspected on a screening test. Cases in which abnormal findings were observed and those of severe constipation were excluded from the current analysis.
The mean age of 59 subjects, consisting of 38 boys and 21 girls, was 8.3 years (5-16). There were 45 cases of primary NE and 14 cases of secondary NE ( Table 1 ). The mean period of combination therapy was 6.4±4.2 weeks.
Methods
As the treatment methods, in addition to water restriction prior to sleeping, supportive treatment included a voiding diary and drug treatments. Water intake was restricted from 2 hours before sleeping, and voluntary urination before sleeping was recommended. As supportive treatment, the motive of treatment was explained to the subjects. Voluntary recording in the voiding diary was recommended during treatment. Then, at an outpatient visit, children were encouraged through an analysis of this diary. In 59 subjects, urine osmolality (baseline level) was measured from the first urine in the morning twice one week and one day before the administration of drugs. For treatment of NE, imipramine 25 mg and desmopressin 0.2 mg were administered orally before sleeping. During weeks 1 and 2 following treatment, urine osmolality was measured for the first urine in the morning. Three months later, an analysis was performed for the treatment effects and side effects. In cases in which there were no treatment responses during week 2 following the administration of drugs, the dose of desmopressin was increased to 0.4 mg. For determination of treatment responses to drugs, children were classified according to 3 groups: the complete responder group where the weekly incidence of NE was decreased to 0-1 times, the partial responder group where the weekly incidence of NE was lower by 50% as compared with baseline, and the non-res- p-value means that there were statistical significance in urine osmolality at pre-treatment and post-treatment among 3 responder groups.
ponder group where there was no change in the weekly incidence of NE or it was higher than 50%. In each group, changes in urine osmolality were compared between before and after treatment. The complete responder group and the partial responder group were considered to show a treatment effect. In cases involving a persistent complete response for more than 4 weeks, the treatment was discontinued. Subjects who had completed the treatment underwent follow-up observation for examination of recurrence. Urine osmolality was measured using a freezing point osmometer, Advanced Osmometer 2020 (Advanced Instruments INC., USA). A 10 μL sample of urine was used for the test.
Statistical analysis of the treatment outcomes
Statistical analysis of the treatment outcomes was performed using Chi-square test and ANOVA, using SPSS 17.0 K.
A value of p<0.05 was considered statistically significant.
RESULTS
Of 59 patients in this study, there were 29 patients (49.2%) of complete response, 16 patients (27.1%) of partial response and 14 patients (23.7%) of no response. That is, the treatment effects were observed in 76.3% of patients. Mean period of treatment response, defined as the period in which the incidence of NE was decreased by more than 50% in the complete responder group and the partial responder group, was 2.8±2.3 weeks. The mean weekly incidence of NE prior to treatment was 6.1±1.8 times in the complete responder group, 6.6±1.5 times in the partial responder group, and 6.5±2.0 times in the non-responder group. These differences did not reach statistical significance (p=0.685). Following treatment, however, the mean weekly incidence of NE was 0.4±0.5 times, 2.3±0.5 times, and 5.7±1.4 times in the corresponding order.
Following a comparison of the treatment effect between the primary NE and the secondary NE, the treatment effect was observed in 75.5% of patients of primary NE (42.2% of complete responses and 33.3% of partial responses) and 78.6% of patients of secondary NE. These results indicate that the treatment effect was relatively good. However, there was no statistical significance in this series (p>0.05) ( Table 2) .
Prior to treatment, urine osmolality was measured as 461.2 ±192.7, 596.9±197.3, and 773.5±235.8 mOsm/kg in the complete, partial, and non-responder group, respectively. These differences reached statistical significance (p<0.001). Compared with before treatment, urine osmolality was increased in each group following treatment. In the complete responder group, however, it was increased from 461.2±192.7 mOsm/ kg to 591.2±159.8 mOsm/kg. These results indicate that the incremental degree of urine osmolality following treatment was the highest in the complete responder group and this reached statistical significance (p=0.024) ( Table 3 ). Of 29 cases in which treatment was completed due to a complete response, the number of cases of recurrence due to the discontinued administration of drugs was 4 (13.8%) within one month, 1 (3.4%) within 2 months, 2 (6.9%) within 3 months, and 3 (10.3%) after 3 months. That is, the overall rate of recurrence was 34.5% (10 cases). A comparison of changes in urine osmolality between the recurred cases and other cases in the complete responder group showed no statistical significance.
As the side effects occurring following concomitant use of imipramine and desmopressin, there were 5 cases (8.5%) of decreased appetite, one case (1.7%) of xerostomia and one case (1.7%) of abdominal pain. That is side effects occurred in 11.9% of subjects. However, these temporary occurrences were of mild severity and then improved spontaneously. The severity of these side effects was not so great as to discontinue the administration of drugs.
DISCUSSION
Historically, drug treatments have long been administered for NE with frequent use of antidepressant, anticholinergics and antidiuretics in recent years. Drug treatments are administered advantageous due to the advantage of easy use and relatively rapid effect. However, there are still limitations, including side effects and a relatively higher recurrence rate.
Imipramine, a tricyclic antidepressant, was first used for children with NE by MacLean during the 1960s. Since then, it has been used the most frequently [8] . Its mode of action is still unknown. However, it is known to stimulate the central nervous system, lessen the depth of rapid eye movement sleep, enhance awakening from sleep and thereby increases the sensitivity to voiding desire. Due to the direct anti-cholinergic effects on the urinary bladder, it increases the volume of the urinary bladder. Due to the excitation on the sympathetic nervous system, it increases the absorption of water and electrolytes and promotes the removal of urea in the collecting duct. It is also known to increase urea elimination leading to the decreased excretion of urine osmolute [9] . Although rare, side effects including sleeping disorder, gastrointestinal disturbances, seizure, anxiety, and syncope have been reported. Therefore use in children before the age of 5 years is not recommended [2] .
Desmopressin is a synthetic polypeptide with a structure similar to that of arginine vasopressin, an anti-diuretic hormone released from the posterior lobe of the pituitary gland. It has mainly been used in treatment of patients with diabetes inspidus. According to recent studies, it is a key pathophysiologic mechanism of NE in which the release of anti-diuretic hormones is not increased during sleeping in patients with NE, unlike normal healthy people. Based on these reports, it has been applauded as a new drug with a prompt action and a lower incidence of side effects [10] . Desmopressin has few side effects. However, transient headache, nausea, face blushing, and mild abdominal pain may occur [10] . Concomitant medication of imipramine with desmopressin has been attempted based on the difference in the mode of action between the 2 drugs. According to Chung and Kim, on month 3, the treatment effect was observed in 100% of patients in the imipramine+desmopressin group and 78.2% of those in the imipramine monotherapy group. These authors therefore noted that concomitant medication of imipramine with desmopressin showed an excellent degree of efficacy as compared with a monotherapy with imipramine [11] . According to Rienberg and Vaughn, in 15 patients who were refractory to a single use of imipramine or oral desmopressin, the rate of treatment success was 73% following concomitant medication of imipramine with desmopressin [12] . Possible side effects due to concomitant medication include decreased appetite, xerostomia, sleep disorder, and mild abdominal pain [6] .
In our series, based on criteria that both the complete responder group and the partial responder group were considered to have a treatment effect, the treatment effect was found in 76.3% of patients. Side effects included 5 cases (8.5%) of decreased appetite, one case (1.7%) of xerostomia and one case (1.7%) of abdominal pain. That is, side effects occurred in 11.9% of subjects. However these temporary occurrences were of mild severity and then improved spontaneously. The severity of these side effects, which are presumed to occur as a result of imipramine treatment, was not so great as to discontinue the administration of drugs.
In recent years, opinions explaining the prognostic indicators for treatment responses to drugs used for patients with NE have been controversial. In many aspects, however, they remain obscure. This is because etiological factors of NE have been proposed to include the changes of normal secretory pattern of anti-diuretic hormones, delayed maturation and physical development, psychopathological factors, environmental stress, instability of the urinary bladder, genetic factors, the disorder of awakening from sleeping and urinary tract infections [13] .
Urine concentration ability is associated with the homeostasis of plasma sodium, and it is subject to various factors affecting the glomerulus and renal tubules including renin-angiotensin-aldosterone system, atrial natriuretic peptide, sympathetic nervous system and desmopressin/vasopressin [14] . According to Lackgren et al., following the classification as the responder group and the non-responder group for assessment of the treatment effect of desmopressin, the responder group showed an excellent degree of renal sensitivity to desmopressin, indicative of a decreased urine concentration in the kidney of the non-responder group [15] . According to Steffens et al., because urine osmolality is relatively lower in patients with NE, its measurements are indicative of a depletion of arginine vasopressin within the plasma and this may lead to prediction of treatment response [13] . In our series, urine osmolality prior to treatment was measured as 461.2±192.7 mOsm/kg in the complete responder group and this was significantly the lowest value of the 3 groups. Compared with before treatment, urine osmolality following treatment was increased in all 3 groups. In the complete responder group, however, it was increased from 461.2±192.7 mOsm/kg to 591.2±159.8 mOsm/kg. These results indicate that the incremental degree of urine osmolality following treatment was the highest in the complete responder group and this reached statistical significance. Therefore it can be inferred that there would be a good treatment response to concomitant treatment in the group where urine osmolality is measured as the lowest value prior to treatment and that there would be a good treatment response to concomitant treatment if a relatively greater incremental degree of urine osmolality is observed following treatment.
In addition, a better treatment response in older children and those with a lower frequency of NE was also reported [16] , but this was not significant in our series. This study is limited by its descriptive nature, and by a lack of large-scale assessment of clinical outcomes. Therefore, further large-scale studies are warranted to establish criteria for accurate prediction of treatment responses. Conclusively, in children with monosymptomatic NE, the treatment response to concomitant medication of imipramine with desmopressin was associated with changes in urine osmolality between before and after treatment. It can therefore be inferred that there would be a good treatment response in cases in which the degree of urine osmolality was relatively lower and its incremental degree following treatment was relatively higher.
